Cardiac function is improved by bi-ventricular pacing in patients with severe reduced cardiac function. Atrioventricular (AV) delay optimization is also important in this therapy. However, the AV delay required to achieve the optimal AV synchrony varied from time to time. We have reported that the critical AV delay that induces diastolic mitral regurgitation (MR) may represent the upper limit of the optimal AV delay. The optimal AV delay can be predicted by a simple method; slightly prolonged AV delay-interval between the end of atrial kick and complete closure of the mitral valve (duration of diastolic MR) at the AV delay setting.
failure. 6, 7) Both AV delay optimization and shortening of the ventricular activation sequence may be important in patients with severely impaired cardiac function, and AV delay optimization may also be important during bi-ventricular pacing. However, the optimal AV delay may not be a fixed value in each patient, and thus should be adjusted constantly.
Diastolic mitral regurgitation (MR) is observed in patients with elevated left ventricular end-diastolic pressure 8) and can be induced by prolonging the AV delay in patients with DDD pacemakers. 5, [8] [9] [10] [11] [12] [13] [14] [15] Cardiac function may be improved by AV sequential pacing and setting the AV delay under the critical PQ interval for the appearance of diastolic MR when the diastolic MR is observed in patients with intrinsic AV conduction. 4, 5) We have determined a new formula for predicting the optimal AV delay using Doppler echocardiography; optimal AV delay=slightly prolonged AV delay-interval between end of atrial kick and complete closure of the mitral valve (duration of diastolic MR) at the AV delay setting ( Figure 1 ). 12) Figure 1 . Optimal atrioventricular (AV) delay setting. Atrial kick may be interrupted by a too short AV delay, and filling time may be shortened by a too long AV delay in patients with an implanted DDD pacemaker. The optimal AV delay allows completion of end-diastolic filling flow prior to ventricular contraction, providing the longest diastolic filling time. The AV delay at which the end of the A wave on transmitral flow coincides with complete closure of the mitral valve is optimal. AV delay (long) is optimal AV delay + interval between ventricular spike and complete closure of mitral valve caused by ventricular contraction (Interval Y) + interval between end of atrial kick and ventricular spike. The optimal AV delay can be predicted by a simple method; slightly prolonged AV delay-interval between the end of atrial kick and complete closure of the mitral valve (Interval X; duration of diastolic MR) at the AV delay setting.
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We report a patient with severe congestive heart failure who remained in good condition over one year by bi-ventricular pacemaker implantation and AV delay optimization.
CASE REPORT
The patient was a 60 year old Japanese male with dilated cardiomyopathy. He had bronchial asthma and 10 mg per day oral administration of predonisolone was required. He had ventricular tachycardia and was treated with oral amiodarone at a dose of 100 mg a day. He was repeatedly admitted to our hospital due to congestive heart failure 6 times over 5 years. He was admitted to our hospital due to heart failure on January 1, 1999. Ejection fraction was 14% by echocardio- graphy and the cardiothoracic ratio (CTR) on chest XP was 61%. ECG showed complete left bundle branch block. QRS duration was 172 msec and PQ interval was 0.22 sec (Figure 2A) . He was treated with oral furosemide (120 mg), spironolactone (25 mg), digoxine (0.1 mg), amiodarone (100 mg), losartan potassium (12.5 mg), isosorbide mononitrate (60 mg), docarpamine (2.25g), and denopamine (30 mg). β-Blockers could not be used due to bronchial asthma. Additionally, he was dependent on intravenous injections of catecolamine (dopamine hydrochloride, 0.003 mg/kg/min) and could not be discharged from the hospital for over one year.
A DDD pacemaker with a bi-ventricular pacing system was implanted on December 17, 1999. As there were only small lateral branches of the coronary sinus by retrograde coronary sinus venography, a left ventricular pacing lead was positioned at the great cardiac vein through the coronary sinus. Another unipolar lead was positioned at the right ventricular apex. A J-shaped lead was positioned at the right atrial appendage for right atrial pacing. The QRS complex durations were 192 msec during right ventricular pacing, 172 msec during left ventricular pacing, and 165 msec during bi-ventricular pacing (Figure 2A) . The left ventricular lead (distal portion; -) and right ventricular lead (proximal portion; +) were connected by a Y-connector ( Figure 2B ). The pacing threshold for bi-ventricular pacing was 3.5 V (1.0 msec), the sensing threshold for bi-ventricular pacing was ≥20 mV, and lead impedance was 3000 Ω.
Optimal AV delay was predicted as 80 msec during bi-ventricular pacing by our formula (Figure 3 ). Cardiac output was 4.2 l/min and diastolic filling time was 180 msec during 80/min atrial pacing. Cardiac output was 4.9, 6.0, and 5.1 l/ min and diastolic filling time was 305, 320, and 260 msec when the AV delay was set at 50, 80, and 110 msec. The optimal AV delay was 30 msec during right ventricular pacing, 50 msec during left ventricular pacing, and 80 msec during biventricular pacing. Cardiac output was 5.2, 5.7, and 6.0 l/min and diastolic filling time was 285, 415, and 320 msec, respectively.
He has been relieved from the dependency on intravenous catecholamine injections. His cardiac function improved from NYHA class III to II (Figure 2b) , and he was discharged from the hospital. Oral medications were not changed and AV delay was optimized (70-100 msec) by our method during follow-up for one year.
−
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Figure 3. Marked diastolic mitral regurgitation (arrow) was detected (upper panel). During 80 beats/min AV sequential pacing, diastolic mitral regurgitation was observed when the AV delay was set at 180 msec (arrow). The interval between the end of atrial kick and complete closure of the mitral valve (duration of diastolic mitral regurgitation) was 100 msec. The predicted optimal AV delay was 180-100=80 msec (middle panel). Diastolic mitral regurgitation disappeared when the AV delay was set at 80 msec (lower panel).
DISCUSSION
Recently, the efficacy of a short AV delay in patients with severely impaired cardiac function has been reported. [1] [2] [3] [4] DDD pacing and AV delay optimization is not always effective for congestive heart failure. Right ventricular pacing during AV sequential pacing has deleterious effects.
5) It has been reported that bi-ventricular pacing can improve hemodynamics in patients with congestive heart failure. 6, 7) The importance of optimizing AV delay is still controversial [1] [2] [3] [4] 16) in DDD pacing for congestive heart failure. The optimal AV delay may change from time to time with changes in cardiac function. However, AV delay was fixed in previous reports. 1, 2, 16) The optimal AV delay may not be a fixed value in each patient, and thus should be adjusted constantly. Both AV delay optimization and shortening of the ventricular activation sequence may be important in patients with severely impaired cardiac function, and AV delay optimization may also be important during bi-ventricular pacing.
In patients with an implanted DDD pacemaker, atrial kick may be interrupted by a too short AV delay, and filling time may be shortened by a too long AV delay. The optimal AV delay allows completion of end-diastolic filling flow prior to ventricular contraction, providing the longest diastolic filling time.
17) The AV delay at which the end of the A wave on transmitral flow coincides with complete closure of the mitral valve may be optimal. 15) In our previous studies, diastolic mitral regurgitation was detected during the interval between the end of the A wave and complete closure of the mitral valve, and the critical PQ interval that induces diastolic mitral regurgitation may represent the upper limit of the optimal PQ interval. 5, [8] [9] [10] [11] [12] [13] [14] [15] The optimal AV delay can be predicted by a simple method; slightly prolonged AV delay-interval between the end of atrial kick and complete closure of the mitral valve (duration of diastolic MR) at the AV delay setting. 15) Bi-ventricular pacing is not always effective for congestive heart failure. The indication for this therapy remains unclear. This patient had a prolonged PQ interval and complete left bundle branch block with a markedly prolonged QRS complex. Therefore, this case was a good candidate for bi-ventricular pacing. Moreover, the AV delay setting could be easily optimized by our new method during follow-up. He remained in NYHA II for over one year. DDD pacing with AV delay optimization alone was effective for this patient. However, the duration of the QRS complex was prolonged from 172 to 192 msec by right ventricular pacing. The duration of the QRS complex was shortened to 165 msec by bi-ventricular pacing and further improvement of the cardiac function has been achieved by bi-ventricular pacing. This experience indicated that bi-ventricular pacing and AV delay optimization was useful for patients with severe congestive Vol 42 No 6 heart failure.
Although hemodynamic assessment by catheter examination provides the most reliable measurements of cardiac output and intracardiac pressures, it is an invasive procedure. Our new method is easy and not time-consuming. Thus, AV delay optimization can be easily repeated. This method is useful for the follow-up of patients with congestive heart failure and with bi-ventricular pacing. In conclusion, AV delay optimization during bi-ventricular pacing is important in patients with severe congestive heart failure.
